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CI:	 80.7–91.0)	 of	 the	 metal­ceramic	 SCs	 (n	=	1,300)	 experienced	 no	 biological/
technical	complications	over	the	entire	observation	period.	The	corresponding	rate	
for	zirconia	SCs	(n	=	76)	was	83.8%	(95%	CI:	61.6–93.8).	The	biologic	outcomes	of	the	
two	 types	 of	 crowns	 were	 similar;	 yet,	 zirconia	 SCs	 exhibited	 less	 aesthetic	
complications	than	metal­ceramics.	The	5­year	incidence	of	chipping	of	the	veneering	
ceramic	was	similar	between	the	material	groups	(2.9%	metal­ceramic,	2.8%	zirconia­
ceramic).	Significantly	 (p	=	0.001),	more	zirconia­ceramic	 implant	SCs	 failed	due	to	
material	fractures	(2.1%	vs.	0.2%	metal­ceramic	implant	SCs).	No	studies	on	newer	
types	 of	 monolithic	 zirconia	 SCs	 fulfilled	 the	 simple	 inclusion	 criteria	 of	 3	years	
follow­up	time	and	clinical	examination	of	the	present	systematic	review.
Conclusion:	Zirconia­ceramic	implant­supported	SCs	are	a	valid	treatment	alternative	
to	 metal­ceramic	 SCs,	 with	 similar	 incidence	 of	 biological	 complications	 and	 less	
aesthetic	problems.	The	amount	of	ceramic	chipping	was	similar	between	the	material	
groups;	yet,	significantly	more	zirconia	crowns	failed	due	to	material	fractures.
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ance	 of	 natural	 dental	 tissues	 led	 to	 the	 development	 and	 use	 of	
zirconia	ceramic	as	reconstructive	material	(Filser	et	al.,	2001).	Over	
the	years,	this	material	has	been	introduced	into	common	everyday	
















ence	 between	 all­ceramics	 and	 metal­ceramics	 but	 rather	 on	 the	
survival	 and	 frequency	 of	 complications	 in	 general	 (Jung,	 Zembic,	
Pjetursson,	 Zwahlen,	 &	 Thoma,	 2012;	 Pjetursson,	 Thoma,	 Jung,	
Zwahlen,	&	Zembic,	2012).
The	systematic	review	of	Jung	et	al.,	2012	reported	a	5­year	sur­
vival	 rate	 of	 implant­supported	 SCs	of	 96.3%	 (95%	CI:	 94.2–97.6).	







fully	 elucidated	whether	 or	 not	 the	 prognosis	 of	 zirconia	 implant­
supported	reconstructions	is	similar	to	that	of	metal­ceramic	implant	
reconstructions	or	not.
For	 this	 reason,	 the	 aim	of	 the	present	 systematic	 review	was	




2  | MATERIAL S AND METHODS
This	 review	 was	 registered	 at	 the	 National	 Institute	 for	 Health	
Research	 PROSPERO,	 International	 Prospective	 Register	 of	
Systematic	Reviews	(CRD42017079002).
2.1 | General search strategy
The	 focused	 question	 for	 this	 review	 was	 determined	 according	
to	 the	 well­established	 PICO	 strategy	 (Population,	 Intervention,	
Comparison,	and	Outcome)	(Sackett	2000,	Akobeng	2005).









tulous	patients	with	 implant­supported	 single	 crowns	 (SCs)	do	ve­




The	 literature	 search	 for	 this	 systematic	 review	 concentrated	 on	
the	 outcomes	 of	 single­unit	 and	multiple­unit	 implant	 reconstruc­
tions,	all	 relevant	 literature	was	 included.	 In	the	final	article	selec­
tion	phase,	data	were	divided	 into	 implant­supported	SCs,	 for	 the	
present	 systematic	 review	 and	 fixed	 dental	 prostheses	 (FDPs)	 for	
the	review	by	Sailer	et	al.	(2018).	Both	reviews	were	prepared	in	the	
context	of	the	ITI	Consensus	Conference	2018.
An	 extensive	 search	 for	 clinical	 trials	 was	 conducted,	 through	







The	 terms	 of	 the	 research	 were	 as	 follows:	 (((((jaw,	 edentulous,	




AND/OR	 fixed	 dental	 prosthesis,	 zirconium,	 zirconia,	 zirconium	
oxide[mesh])	 OR	 (dental	 implants,	 dental	 prostheses[mesh])	 OR	
(zirconia	 framework)	OR	 (monolithic	 zirconia)))	 AND/OR	 ((Implant­
Supported	Dental	Prosthesis,	Crown*,	Bridge*,	fixed	partial	denture*,	
fixed	dental	 prosthesis,	metal*,	metal	 ceramic*	 [mesh])	OR	 (dental	
implants,	 dental	 prostheses[mesh])	 OR	 (metal	 framework)))	 AND/
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Studies	 not	 meeting	 all	 inclusion	 criteria	 were	 excluded.	 Also	 re­

















2.8 | Data extraction and method of analysis
Four	reviewers	(IS,	MS,	BEP,	and	NAV)	independently	extracted	the	
data	of	the	selected	articles	using	data	extraction	tables.	For	stand­









came	 up	 during	 the	 screening	 and	 the	 data	 extraction	 were	 dis­
cussed	within	the	group.
Information	 on	 the	 following	 parameters	 was	 extracted:	 au­
thor(s),	year	of	publication,	study	design,	number	of	patients,	num­
ber	of	patients	at	the	end	of	the	study,	number	of	crowns,	dropouts,	
mean	 age	 of	 patients,	 age	 range,	 implant	 type,	 restoration	 type,	
framework	material,	 brand	name	 for	 framework	material,	whether	
the	restoration	was	monolithic	or	not,	material	veneering	ceramic,	















1. Exposure	 time	 of	 SCs	 that	 could	 be	 followed	 for	 the	 whole	
observation	 time.








For	 further	 analysis,	 the	 total	 number	 of	 events	was	 considered	 to	
be	Poisson’s	distributed	for	a	given	sum	of	FDP	exposure	years	and	
Poisson’s	 regression	 was	 used	 with	 a	 logarithmic	 link­function	 and	
total	exposure	time	per	study	as	an	offset	variable	(Kirkwood	&	Sterne,	
2003).
Robust	 standard	 errors	 were	 calculated	 to	 obtain	 95%	 confi­
dence	intervals	of	the	summary	estimates	of	the	event	rates	(White,	
1980,	1982).
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To	 assess	 heterogeneity	 of	 the	 study	 specific	 event	 rates,	 the	
Spearman	goodness­of­fit	statistics	and	associated	p­value	were	cal­
culated.	The	five	year	survival	proportions	were	calculated	via	the	
relationship	between	event	 rate	and	survival	 function	S, S(T)	=	ex­






literature	 review	and	evidence	 synthesis	was	 conducted	 following	
the	PRISMA	guidelines	 from	2009	with	 the	exception	of	 a	 formal	
quality	assessment	of	the	included	studies	as	all	the	included	studies	
were	case	 series	and	cohorts	 for	which	no	appropriate	 tools	have	






(Figure	1).	Thirty	of	 the	36	studies	 reported	on	 implant­supported	













year	 of	 2012.	 The	 studies	 on	 zirconia­ceramic	 implant­supported	
SCs	were	on	average	younger,	all	published	2013	or	later.
The	studies	included	patients	between	15	and	81	years	old.	The	
proportion	 of	 patients	 who	 could	 not	 be	 followed	 for	 the	 entire	
study	period	was	 available	 for	majority	 of	 the	 studies	 and	 ranged	
from	0%	to	52%.	However,	only	three	of	the	included	studies	had	a	
drop­out	proportion	of	more	than	25%	(Table	1).
The	 30	 included	 studies,	 analyzing	 the	 outcome	 of	 metal­ce­
ramic	implant­supported	SCs,	included	a	total	of	4,542	crowns,	from	
which	83%	were	cement­retained	and	only	17%	screw­retained.	The	
8	 included	 studies	 reporting	 on	 zirconia­based	 implant­supported	
SCs	included	a	total	of	912	crowns,	from	which	51%	were	cement­
retained	and	49%	screw­retained	(Table	2).






ies	 provided	 data	 on	 survival	 of	metal­ceramic	 implant­supported	

































Success	was	defined	 as	 an	 implant­supported	SC	being	 free	of	 all	
complications	over	the	entire	observation	period.
Nine	studies,	 including	1,300	metal­ceramic	 implant­supported	
SCs	 and	 two	 studies	 with	 76	 zirconia	 implant­supported	 SCs,	 re­
ported	on	the	total	number	of	 implant­supported	SCs	with	experi­
encing	biological	or	technical	complications	during	the	observation	
period.	 The	 estimated	 5­year	 complication	 rate	 for	metal­ceramic	
SCs	was	13.3%	(95%	CI:	9.0–19.3)	and	for	zirconia	SCs	16.2%	(95%	
CI:	6.2–38.4).	The	difference	between	the	material	groups	did	not	
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3.4 | Biological complications
Peri­implant	 mucosal	 lesions	 were	 reported	 in	 various	 ways	 by	
the	different	authors.	The	5­year	 rate	of	peri­implantitis	or	 soft	
tissue	complications	was	estimated	to	by	5.1%	for	metal­ceramic	
implant­supported	 SCs	 and	 5.3%	 for	 zirconia	 implant­supported	
SCs.	 Moreover,	 3.3%	 of	 the	 implants	 supporting	 metal­ceramic	
SCs	and	4.3%	of	the	 implants	supporting	zirconia­based	SCs	ex­
perienced	 significant	bone	 loss,	 defined	 as	marginal	 bone	 levels	
more	the	2	mm	below	what	can	be	expected	as	normal	bone	re­
modeling.	 The	 difference	 between	 the	 two	material	 groups	 did,	




SCs,	 1.7%	 of	 the	 reconstructions	 were	 redone	 due	 to	 aesthetic	
reasons	 over	 the	 5­year	 observation	 period.	 Four	 of	 the	 included	
studies	 on	 zirconia	 implant­supported	 crowns	 reported	 on	 this	
issue,	and	none	of	the	zirconia	based	crowns	had	to	be	redone	due	





of	 the	 zirconia	 implant­supported	 SCs	 experiencing	 abutment	
fractures	 and	 0.05%	 of	 the	 metal­ceramic	 and	 0.1%	 of	 the	 zir­
conia	SCs	having	abutment	or	occlusal	 fractures	during	a	5­year	
observation	 period.	 Abutment	 or	 occlusal	 screw	 loosening	 was,	
however,	significantly	(p	=	0.015)	more	frequent	by	metal­ceramic	
implant­supported	 SCs	 compared	with	 the	 zirconia	 implant­sup­
ported	SC	with	a	5­year	complication	rate	of	3.6%	and	1.0%,	re­
spectively	(Table	5).
F I G U R E  1  Search	strategy
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The	 incidence	 of	 ceramic	 fractures	 or	 chippings	was	 reported	
in	majority	of	 the	 studies.	 The	 incidence	was	 similar	 between	 the	







supported	 SCs	 reported	 an	 estimated	 5­year	 complication	 rate	 of	
2.0%	 for	 loss	 of	 retention	 compared	with	 no	 loss	 of	 retention	 re­




The	present	meta­analysis	 showed	excellent	 estimated	5­year	 survival	








Zirconia­ceramic	 crowns	 are	well­established	 as	 all­ceramic	 al­
ternative	 to	metal­ceramics	 on	 both	 implants	 and	 teeth	 in	 clinical	
practice	 today.	 At	 both	 indications,	 the	 zirconia	 crowns	 showed	
very	good	5­year	 survival	 rates	 (Sailer,	Makarov,	Thoma,	Zwahlen,	




reached	 a	 higher	 estimated	5­year	 survival	 rate	 of	 97.6%	 (94.3%–
99%).	 No	 statistically	 significant	 differences	were	 found	 between	






One	 frequently	 reported	 problem	 of	 zirconia­ceramic	 recon­
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studies	as	predominant	technical	complication.	Yet	chipping	of	the	
veneering	material	 is	 also	 the	 predominant	 technical	 complication	
at	metal­ceramic	implant	reconstructions	(Pjetursson	et	al.,	2012).
Besides	 the	material­specific	 factors,	numerous	clinical	 factors	
contribute	 to	 the	risk	of	chipping	of	 the	veneered,	 that	 is,	bi­layer	
materials	at	 implant­supported	reconstructions.	 It	has	been	shown	
that	 the	 tactile	 sensitivity	 is	 8.7	 times	 lower	 at	 implants	 than	 at	
teeth	(Hammerle	et	al.,	1995).	Furthermore,	a	combination	of	intra­
oral	conditions	 like	 temperature	and	pH	changes	 (Scherrer,	Denry,	
Wiskott,	&	Belser,	2001)	and	material	defects	due	to	the	veneering	
procedures	could	also	increase	the	risk	(Kelly,	1995).
A	 promising	 new	 alternative	 to	 the	 bi­layer	 reconstructions	 are	
















an	 excellent	 hard	 and	 soft	 tissue	 integration	 (Thoma	 et	al.,	 2015)	
equivalent	to	the	one	of	titanium.	In	the	present	review,	no	differ­
ences	of	 the	biologic	outcomes	of	 the	 zirconia	and	metal­ceramic	
implant­supported	 SCs	 were	 found.	 Low	 incidence	 of	 soft	 tissue	
complication	and	marginal	bone	 loss	was	 found	 for	both	 types	of	
reconstructions.
The	main	limitation	of	the	present	systematic	review	was	that	
no	 RTCs	 were	 available	 addressing	 the	 present	 focused	 ques­
tion,	and	that	the	overall	conclusions	were	based	on	pooled	data	
of	different	types	of	implants	placed	in	different	positions	in	the	









ticed.	 In	 several	 systematic	 reviews	 published	 by	 our	 research	
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to	apply	a	very	open	and	unrestricted	title	search,	avoiding	lim­
itations	and	filters	in	order	to	be	as	inclusive	as	possible	on	the	
title	 level.	Additionally,	meticulous	hand­searching	of	 all	 refer­
ence	 lists	 of	 previous	 reviews	 and	 all	 included	 full­text	 papers	
of	 the	 present	 systematic	 review	 helped	 locating	 the	 included	
studies	 of	 the	 present	 and	 a	 parallel	 review	 addressing	multi­






the	 technical	 complication	 such	 as	 “chipping	 of	 the	 veneering	
ceramic”	 in	 the	 literature,	 this	 problem	 was	 also	 frequently	
found	 for	 metal­ceramic	 implant	 reconstructions.	 Newer	 types	
F I G U R E  3  Annual	failure	rates	(per	100	years)	of	implant­supported	zirconia	single	crowns.
F I G U R E  2  Annual	failure	rates	(per	100	years)	of	implant­supported	metal­ceramic	single	crowns.
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of	monolithic	zirconia	reconstructions	seem	interesting	with	this	
respect;	 yet,	 clinical	 studies	 reporting	 on	 medium­to	 long­term	
outcomes	 of	 monolithic	 zirconia	 restorations	 are	 still	 lacking.	
Hence,	 more	 research	 is	 needed	 until	 conclusions	 on	 their	
indications	and	limitations	can	be	drawn.
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